Background. Denys-Drash syndrome (DDS) is a rare disease caused by mutations in exons 8 and 9 of the WT1 gene. It is characterized by the association of early onset steroid-resistant nephrotic syndrome (SRNS), Wilms' tumour and, in some patients, intersex disorders, with increasing risk of gonadoblastoma. There are few published data concerning the longterm outcome of patients with DDS. The aim of this study was to report our experience.
INTRODUCTION

Denys-Drash syndrome (DDS) (Online Mendelian Inheritance in
Man database identifier 194080) is a rare genetic cause of steroid-resistant nephrotic syndrome (SRNS) during the first year of life [1] . Its prevalence is unknown but is estimated to be <1/10 000. The complete form of DDS is characterized by nephropathy, Wilms' tumour and intersex disorders. In addition, affected patients have an increased risk of developing gonadoblastoma. Incomplete variants have been described with nephropathy as a constant feature [2] , which represents a diagnostic challenge.
DDS is caused by mutations in the Wilms' tumour suppressor gene (WT1) on chromosome band 11p13. The WT1 gene encodes a transcription factor that is involved in the development of the kidneys and gonads. Several mutations have been described. The most frequent mutations consist of heterozygous germline missense changes in exons 8 and 9 [3] , which encode zing fingers 2 and 3, respectively. Such mutations alter the binding of the WT1 protein to DNA [4] . DDS is inherited as an autosomal dominant trait. Most cases of DDS result from de novo mutations in the gene, with no previous familial history of the disorder.
The main histological pattern of DDS is mesangial sclerosis [5] . Nephropathy presents as an early SRNS and immunosuppressive drug-resistant nephrotic syndrome that progresses to end-stage kidney disease (ESKD) before 2-3 years of age, associated with severe hypertension. Furthermore, affected patients have a high risk of developing Wilms' tumour, which may constitute part of the picture of DDS onset or occur later. Therefore it is important to screen all newly diagnosed DDS patients via abdominal computed tomography (CT) scanning and continue close follow-up afterwards. The median age of Wilms' tumour presentation in DDS patients is 12.5 months, which is younger than in isolated Wilms' tumour forms. Total nephrectomy is recommended at the time of kidney transplantation because the risk of developing Wilms' tumour in any residual renal tissue is very high [6] .
WT1 is also involved in other diseases, such as Frasier syndrome and isolated nephrotic syndrome, which should also be considered at the time of DDS diagnosis [4] (see Table 1 ). According to the PodoNet registry, the prevalence of WT1 mutations in sporadic SRNS patients is 6% and, of affected patients, 28% present with an isolated SRNS clinical picture [7] .
Frasier syndrome is characterized by the association of nephrotic syndrome, normal female genitalia with streak gonads, an XY karyotype and increased risk of developing gonadoblastoma (37-47%) [8] . Such a high risk supports the performance of prophylactic gonadectomy at the time of Frasier syndrome diagnosis. Focal and segmental glomerular sclerosis is the characteristic renal histological pattern. The progression to ESKD is slower than in DDS, occurring in around the third decade of life [7, 8] .
The aim of this study was to describe our experience and long-term outcome of patients with DDS.
MATERIALS AND METHODS
We performed a retrospective analysis of all paediatric patients diagnosed with DDS in our paediatric nephrology service at a tertiary hospital between 1996 and 2017. Epidemiological and clinical data of those patients from diagnosis through 2018 were collected to study long-term outcomes. The mean follow-up of these patients was 16 years.
RESULTS
Five patients diagnosed with DDS during the period of study were identified. There were three males and two females, with an average age of 16 years (range 3-34) at the time of the study. Patient medical records were reviewed (see Table 2 ). Three cases presented the complete DDS triad, whereas two exhibited incomplete forms; one suffered renal disease and genital abnormalities and the other had nephropathy and Wilms' tumour. The disease manifested at a mean age of 11 months as SRNS in four children and as Wilms' tumour in the fifth child. Renal biopsy demonstrated diffuse mesangial sclerosis in all cases.
Further molecular analyses confirmed DDS in four patients who presented with exon 9 WT1 mutations (see Table 2 ). Genetic testing was not available in the oldest patient, whose diagnosis was based on the complete DDS triad.
After specific diagnosis, every patient was screened for Wilms' tumour by abdominal ultrasound and CT. In one case, CT identified a single Wilms' tumour that was not observed by ultrasound. Two patients developed Wilms' tumour 9 months after the diagnosis of DDS (at 15 and 18 months of age). All Wilms' tumour cases underwent unilateral nephrectomy and received chemotherapy and, after progressing to ESKD, contralateral nephrectomy (36 months mean time from the first nephrectomy) to prevent the very high risk of tumour recurrence, as described in Auber et al. [9] . No histologic signs of Wilms' tumour were identified. The patient without Wilms' tumour also underwent bilateral nephrectomy after progressing to ESKD as a prophylactic treatment due to the high risk of malignancy in DDS. During follow-up, all patients progressed to ESKD associated with severe hypertension. Renal replacement therapy was initiated at a mean age of 28 months (range 8-60). Two patients were treated with peritoneal dialysis and three with haemodialysis and all received a kidney transplant at a mean age of 3.5 years (range 1-6). SRNS did not relapse afterwards. Two patients lost their grafts shortly after transplantation due to acute graft thrombosis and early acute rejection and later received a second kidney transplant. In the long-term, two patients lost their grafts after 9 years because of chronic allograft dysfunction. At the time of the study, one patient was active on the transplant waiting list, whereas the remaining patients maintained functional transplants. Regular immunosuppressive treatment was administered initially, but more contemporary cases received tacrolimus in combination with mammalian target of rapamycin (mTOR) inhibitors. The mean time between Wilms' tumour diagnosis and the beginning of immunosuppressive therapy was 28 months (range 12-53). One patient developed hepatitis C infection post-transplant, but the others did not develop any severe infections or malignant diseases.
Regarding endocrine disorders, both females had normal external genitalia, but one presented with ovarian atrophy. Elective ovarian biopsy confirmed normal ovarian tissue in the other girl. In contrast, all three boys presented with cryptorchidism at birth and hypospadias of variable severity. Karyotype analysis confirmed female and male gender assignment based on external genitalia. Native gonads were preserved and no patients developed gonadoblastoma.
DISCUSSION
Most children with SRNS, especially those with early onset during the first year of life, present inherited podocytopathies. These can manifest as an isolated glomerular disease or as a syndromic disorder with extrarenal involvement. The most prevalent genes causing early onset SRNS are NPHS1, NPHS2, WT1, PLCA1 and LAMB2. It is crucial that genetic nephrotic syndrome types are identified, since disease onset, management and prognosis of such patients differs from that of those with non-inherited SRNS. Genetic diagnosis is currently based on next-generation sequencing panels, which have replaced individual Sanger sequencing and allow the detection of pathogenic variants even in the absence of suggestive phenotypes [10] .
The initial presentation of DDS is variable. Proteinuria is usually discovered within the first months of life, but Wilms' tumour can also be the first manifestation or can appear during follow-up. In this case series, patients presented with SRNS; two of the patients presented with incomplete forms of DDS (isolated glomerulopathy associated with either Wilms' tumour or genital abnormalities), as previously described [4] .
As all patients had WT1 mutations in the same exon, we cannot make any genotype/phenotype correlations.
In our experience, graft outcomes in DDS patients do not differ from the general group of paediatric kidney transplant patients in our programme. We did not see any recurrence of nephrotic syndrome, as previously published [6] . We support the use of mTOR inhibitors in DDS patients because of their ability to prevent tissue proliferation [11, 12] .
We followed the recommendation of performing total kidney nephrectomy at the time of ESKD in patients with DDS to avoid Wilms' tumour development, particularly in patients who would receive immunosuppression. Therefore kidney transplantation should be delayed until nephrectomy [9, 13] and it has been recommended that children with Wilms' tumour have a 1-to 2-year period free of chemotherapy before transplantation [6] . The incidence of gonadoblastoma in DDS patients is 4% [14] , which is considerably lower than that of Frasier syndrome (37-46%) [9] . However, any patient with dysgenetic gonads carrying the Y chromosome has an increased risk of developing germ cell tumours such as gonadoblastoma [13] . As recommended, karyotype analysis and a biopsy were performed to determinate the best therapeutic approach for each case. Prophylactic gonadectomy needs to be considered in patients with complete XY gonadal dysgenesis or partial non-scrotal dysgenetic gonads that cannot be repositioned [13] . None of our patients suffered gonadoblastoma.
In conclusion, identifying DDS is crucial for early diagnosis and proper follow-up. All children presenting with nephrotic syndrome during the first year of life and those with SRNS with either Wilms' tumour or genital abnormalities should be screened for mutations in WT1. Therapeutic approaches and the monitoring of Wilms' tumour and gonadoblastoma need to be considered on an individual basis.
